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Pe3tome: Bce Gonblue faHHbIX CBMAETENCTBYIOT O TECHON CBA3N Mexay uHdekuynen COVID-19 n ayToumMmyHUTETOM.
TepMuH «3aTSKHON/OTCPOYEHHBIN NOCTKOBUAHbIA CUHAPOMY Obin NpeanoxeH 4ns 0603Ha4YeHUs CTONKMX CUMATO-
MOB UMW NOCNEACTBUIA, NEPCUCTUPYIOLLMX/Pa3BUBLUMXCS B TeYeHne 6onee 4 Heferb C MOMEHTa NOSIBNEHNS OCTPbIX
cumntomoB COVID-19. HegasHuin metaaHanna nokasan, 4to y 80% nayneHTos, nHduuympoBaHHbix SARS-CoV-2,
pa3BUICS OOMH UM HECKOMBKO JONTOBPEMEHHbIX CUMNTOMOB. BbISIBNIEHbI NCUXOHEBPONIOrMYECKUE, PEBMATONOMM-
4eckue, pecnupaTopHble, CEPAEYHO-COCYANCTBIE, KEeYLOUHO-KULLEYHbIE N SHAOKPUHHbIE NPOSBIIEHNS 3aTSHKHOTo/
OTCPOYEHHOr0 MOCTKOBUAHOMO CMHAPOMA. BbbINo nokasaHo, YTo pacnpoCTPaHEHHOCTb 6OMbLWKNHCTBA CUMATOMOB HE
CHW3Mnack, a Jaxe Bo3pocna Yepes 7-9 MecaueB N0 CPABHEHMIO C paHHAM NepUoOAOM NOCHE BbI3LOPOBNEHNS OT
OCTPOW UH(EeKLNN. BO3MOXHbIE NaTOreHeTUYECKIE 3BEHBS, BIIUSIOLLME HA pa3BUTE CUHAPOMA, BKITIOYALOT: (1) npsamyto
BMPYCHYI MHBA3MIO UIIM NEPCUCTEHTHOCTD; (2) UMMYHOIOMMYECKME HApYLLEHUS U MOBPEXAEHNS B UCXOAE OCTPOro
WHMEKLIMOHHOro BocnaneHus; (3) oxuaaemble nocneacTems npebbiBaHNS B KPUTUYECKOM COCTOSHUM. OfHaKo B
OonblUMHCTBE cnyyaeB cuHapom nocT-COVID-19 pa3suncs nocne HETSHKENOro TeueHust ocTpon nHdekumn COVID-19.
XOTS HEeT HUKaKuX 4OKa3aTenbCTB TOro, YTO Kakoh-nmbo 0aNH MexaHu3M SBnSeTcs 0bLWMM ANs pasnuYHbIX OCOX-
HeHuin nocne COVID-19, MOXHO NpegnonoXuTh, YTO ayTOAHTUTENA, KOTOpbIe 0BHapYXMBalOTCS BO BPEMS OCTPOro
COVID-19, moryT coxpaHsTbCs M urpatb pofib B pasBuUTMK NPOsSBNEHM cuHgpoma noct-COVID-19. MosieneHwne
NporpeccupoBaH1e CUMNTOMOB B TEYEHME HEKOTOPOTrO BpeMeHu nocne paspelenns octporo COVID-19 nogTeep-
XOaet aTy runotesy. PacnpocTpaHeHHOCTb HECKOMBKMX NaTOreHHbIX ayToaHTuten npu octpom COVID-19 cpaBHuma
C TaKOBOW NP ayTOMMMYHHbIX 3aboneBaHmsax. HekoTopble ayToaHTUTENA COXPaHATCS Y TakuxX NauueHTOB He
MEHee cemy MecsLeB. Hamm co3gaH peectp nayMeHToB ¢ NoCcTocTpbIM cuHapomom COVID-19, koTopbin K anpento
2021 roga Bknovaet 81 cnyyvan. 77,8% 3TuX nauneHToB — xeHwmHbl. CpedHuid Bo3pacT nauneHToB — 44 roga
(Bo3pacTHoi anana3oH 11-77 ner). 79% nayneHTOB He OblNN rocNUTanM3npoBaHbl BO BpeMs OCTPOI MHEKL K
(T.e. y HUX passuncs noctocTpbii cungpom COVID-19 nocne nerkon Bepcum octporo COVID-19). 74% nayuneHTos
OTMETUNN YCTanoCTb/KpaiHiow ycTanoctb cpeaun cumntomos nocT-COVID. B 1o Bpems kak 68% navumeHToB coobLyunm
0 cumnToMax noctoctporo cuigpoma COVID-19 cpa3y nocne octpoit asbl nHdekynn, 38% ucnbiTanu BpeMeHHoe
ynyJwenue nocne octporo COVID-19 go nposisneHus noctoctpbix npusHako COVID-19. Habop nauneHToB 1 aHanu3a
peecTpa NPOA0SIKAKTCS. Hall TeKyLnil nccnegoBaTenbCKMn TPOEKT No noctocTpomy cuugpomy COVID-19 coctomt
13 ABYX 3TanoB. [lepBbli 3Tan y4aCTHUKKM MOTYT NPOUTK OHNanH. OH BKNtoYaeT B ce0s HECKOMbKO aHKETMPOBAHUN,
OHNaMH-KOHCYNbTaLMI0, KOMMbIOTEPHYHO 6aTapeto HeNPONCUXONOTMYECKNX TECTOB M OLEHKY (DM3NYECKOTO COCTOSHUS
Ha OCHOBE HEKOTOPbIX (hYHKLMOHAMbHbIX MapKePOB, CBA3AHHbIX C NErOYHON U CEPAEYHO-COCYAUCTON CUCTEMAMU.
Btopoi atan B CaxkT-lNeTepbypre npegycmatpuBaeT UCNONb30BaHME HECKOMbKUX METOLOB AN OLEHKN COCTOS-
HWS TOHKUX HEPBHbIX BOJTIOKOH, MUKPOLMPKYNALMK, NPOuns ayTOMMMYHUTETa, (OYHKLIMW BEreTaTUBHOW HEPBHOM
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cuCTEMBI, Nepudeprnyeckoro cryxa v LeHTpansLHoro 3seHa cnyxosoro aHanusatopa. O60CHOBLIBAETCS pacTyLyas
HeoBXxoANMOCTb CneLnanu3npoBaHHOrO LieHTpa ANHaMUYeckoro HabniaeHns 1 peabunurayum nayneHToB ¢ NocT-
COVID, BbINONHAKLLEro Takxe TPaHCNALWOHHO-MeULMHCKUE HayYHble 3aAaun.

KntoueBble cnosa: COVID-19; ayTOMMMYyHMTET; NOCTKOBUAHbIA CUHAPOM; NaTOreHes; nevyeHue; peabunutayms.

POST-COVID SYNDROME AND ITS IMMUNOPATHOLOGICAL MECHANISMS.
THE ROLE OF AUTOIMMUNITY
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Abstract: Increasing evidence suggests a strong association between the COVID-19 infection and autoimmunity. A term
“post-acute COVID-19 syndrome” has been coined for the persistence of symptoms or development of sequelae beyond
4 weeks from the onset of acute symptoms of COVID-19. Recent meta-analysis revealed that 80% of the patients that
were infected with SARS-CoV-2 developed one or more long-term symptoms. The neuropsychiatric, rheumatic, re-
spiratory, cardiovascular, gastrointestinal, and endocrine manifestations were identified. It was shown that prevalence
of the most symptoms have even risen in 7-9 months compared to the early recovery period. Potential mechanistic
links contributing to the pathophysiology of postacute COVID-19 include: (1) direct viral invasion or persistence;
(2) immunologic aberrations and inflammatory damage in outcome of acute infection; and (3) expected sequelae of
post-critical illness. However, most cases of post-COVID-19 syndrome developed after non-severe COVID-19. While
there is no evidence to put any single mechanism as common one for different post-COVID-19 complications, it can be
suggested that autoantibodies, which are detected during acute COVID-19 can persist and play a role in the develop-
ment of post-COVID-19 manifestations. The appearance and progression of symptoms for some time after resolution
of acute COVID-19 favors this hypothesis. The prevalence of several pathogenic autoantibodies in acute COVID-19 is
comparable to that in autoimmune diseases. Some autoantibodies persist in such patients at least for seven months.
We established a patient registry of post-acute COVID-19 syndrome which includes 81 cases by April, 2021. 77,8% of
these patients are women. The mean age of patients is 44 years old (age range 11-77 years). 79% of patients have
not been hospitalized during acute infection (i.e. have developed post-acute COVID-19 syndrome following mild version
of acute COVID-19). 74% of patients reported fatigue/extreme tiredness among their post-COVID symptoms. While
68% of patients have reported the symptoms of post-acute COVID-19 syndrome immediately after the acute phase
of infection, 38% experienced temporary improvement after acute COVID-19 before the manifestation of post-acute
COVID-19 signs. The enroliment of patients and the analysis of the registry is continuing. Our current research project
on the post-acute-COVID-19 syndrome consist of two phases. The first phase can be passed online by the participants.
It includes several questionnaires, online consultation, computer-based battery of neuropsychological tests and as-
sessment of physical status based on some functional markers related to the pulmonary and cardiovascular system.
The second phase can be conducted at outpatient clinic, using several methods to assess status of small nerve fibers,
microcirculation, autoimmunity profile, autonomic nervous system function, peripheral hearing, and central auditory
processing. The growing necessity in specialized center for the follow-up, dynamic observation and rehabilitation of
post-COVID patientsis substantiated (intermingled with its translational biomedical research functions).

Key words: COVID-19; autoimmunity; post-COVID syndrome; pathogenesis; treatment; rehabilitation.
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The immune response to SARS-CoV-2 appears to play a critical
role in the disease pathogenesis and clinical manifestations. SARS-
CoV-2 not only activates antiviral immune responses but can also
cause excessive systemic action of pro-inflammatory mediators in-
cluding cytokine release in patients with severe COVID-19, accom-
panied by lymphopenia, lymphocyte dysfunction, and granulocyte
and monocyte abnormalities [1]. These SARS-CoV-2-induced im-
mune abnormalities may result in the development of complicated
infections by other microorganisms, severe multiple organ hypoper-
fusion, hypoxia and dysfunction and sometimes death.

Increasing evidence accumulated from the past year sugges-
ting a strong association between the COVID-19 infection and
autoimmunity. The reported inflammatory/autoimmune-related
symptoms by patients, the appearance of circulating autoantibo-
dies and the diagnosis of defined diverse autoimmune diseases
in a subgroup of SARS-CoV-2-infected patients indicate the criti-
cal and pivotal effect of SARS-CoV-2 virus on human immunity,
and its capability to trigger autoimmune disorders, in genetically
predispose subjects [2].

Last year clinicians and scientist focused on the diagnosing
and management of acute COVID-19. More recently, data have
emerged that some patients continue to experience symptoms re-
lated to COVID-19 after the acute phase of infection. There is cur-
rently no clearly delineated consensus definition for the condition:
terminology has included “long COVID”, “post-COVID syndrome”
and “post-acute COVID-19 syndrome”. Among the lay public, the
phrase “long haulers” is also being used. While the definition of
the post-acute COVID-19 is evolving, it has been suggested to
include persistence of symptoms or development of sequelae be-
yond 4 weeks from the onset of acute symptoms of COVID-19 [3].

Based on recent literature, it is further divided into two ca-
tegories: (1) subacute or ongoing symptomatic COVID-19, which
includes symptoms and abnormalities present from 4-12 weeks
beyond acute COVID-19; and (2) chronic or post-COVID-19 syn-
drome, which includes symptoms and abnormalities persisting or
present beyond 12 weeks of the onset of acute COVID-19 and not
attributable to alternative diagnoses [3].

Recent meta-analysis (which includes 18,251 publications
and 47,910 patients) revealed that 80% of the patients that were
infected with SARS-CoV-2 developed one or more long-term
symptoms [4]. Neuropsychiatric, rheumatic respiratory, cardiovas-
cular, gastrointestinal and endocrine manifestations were identi-
fied and the five most common symptoms were fatigue (58%),
headache (44%), attention disorder (27%), hair loss (25%), and
dyspnea (24%).

One important question is whether post-COVID-19 sequela
successfully resolve with time or persist (at least in a subgroup of
patients). Peluso et al. showed that more that 40% of patients still
reported fatigue in 7-9 months after acute COVID-19 resolution
and prevalence of the most symptoms including trouble sleeping,
concentration problems, fatigue, joint pain, back pain, nausea,
dizziness, vision problems, cough, palpitations, diarrhea, rash
and menstrual cramps have even risen in 7-9 months compared
to the early recovery period (3-10 weeks) [5].

Potential mechanisms contributing to the pathophysiology of
post-acute COVID-19 include: (1) direct viral invasion or persis-
tence; (2) immunologic aberrations and inflammatory damage in
response to the acute infection; and (3) expected sequelae of
post-critical iliness [3]. While the latter is well-recognized, most
cases of post-COVID-19 developed after non severe COVID-19.

While there is no evidence for any hypothesis of post-
COVID-19 syndrome’s pathogenesis, it can be suggested that
autoantibodies, which are detected during acute COVID-19 can
persist and play a role in the development of post-COVID-19 ma-
nifestations. The appearance and progression of symptoms some
time after resolution of acute COVID-19 (see above) favors this
hypothesis.

The prevalence of several pathogenic autoantibodies in acute
COVID-19 is comparable to that in autoimmune diseases [6].
However, it is well-known that the titers of different autoantibo-
dies increase during acute period of infectious disease. In a small
study of nine COVID-19 patients published Jan. 25 2021 in the
preprint server medRxiv, five had autoantibodies for at least sev-
en months [7]. Interestingly, that autoantibodies were detected in
5/5 patients with reported persistent symptoms and 2/4 without
continued symptoms.

In a preprint article Wang et al. used a novel high-throughput
assay to quantitate circulating antibodies against 2,770 human
proteins in individuals infected with SARS-CoV-2 and control
subjects [8]. More proteins were targeted in infected individuals,
and patients with severe COVID-19 exhibiting higher-level
reactivity to the greatest number of antigens. Notably, autoantibody
reactivities found in patients with COVID-19 included many
that targeted immune-relevant proteins such as cytokines (for
example, type | interferons), chemokines or their receptors, as
well as particular leukocyte subsets (B cells, T cells, natural killer
cells and monocytes). These antibodies had immunomodulatory
effects in vitro and were associated with virological and immune
parameters in vivo. Immune-targeting autoantibodies exacerbate
disease severity in a mouse model of SARS-CoV-2 infection. If
such autoantibodies persist, they can be partly responsible for the
development of post-COVID-19 syndrome.

We established a patient registry of post-acute COVID-19
syndrome on 2/04/21 and as at 18/04/21 it includes 81 patients.
77,8% of patients are women. The mean age of patients is 44
years old (age range 11-77 years). 79% of patients have not
been hospitalized during acute infection (i.e. have developed
post-acute COVID-19 syndrome following mild acute COVID-19).
74% of patients reported fatigue/extreme tiredness among their
symptoms. While 68% of patients have reported the symptoms
of post-acute COVID-19 syndrome immediately after the acute
phase of infection, 38% of patients experienced temporary
improvement after acute COVID-19 before the manifestation of
post-acute COVID-19 syndrome. The enroliment of patients and
the analysis of the registry is continuing.

Our current research project on the post-acute-COVID-19
syndrome consist of two phases. The first phase can be passed
online by the participants. Itincludes several questionnaires, online
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Modalities of therapy

Dependent on the multisystem investigation:

— intravenous immunoglobulin;

— efferent therapy (plasmapheresis and immunoadsorption);
—vitamins D and C;

—anti-H1 and anti-H2 antihistamines;

— anticoagulants;

—ivermectin;

— breathing exercises;

— intravenous laser blood irradiation, ozone therapy;
— acupuncture;

- olfactory training;

— correction of liver dysfunction;

- antihypertensive therapy;

- antidepressants (SNRIs, tricyclics);

— cough suppressants;

— beta-1-blockers/beta-2 agonists for autonomic nervous system dysfunction;
— correction of the hormonal status (prolactin inhibitors, euthyroid achievement,

corticosteroids in case of autoimmune/autoinflammatory phenomenay;
— complex treatment of polyneuropathy;
— metronidazole and probiotics in case of secondary colitis/dysbiosis;

Bench-to-bedside approach

— complex treatment of chronic fatigue syndrome (sleep medications, pain medications, drugs to treat orthostatic intolerance and drugs for cognitive
dysfunction, pentoxifylline, CoQ10 + NADH, L-carnitine, quercetin, epigallocatechin, curcumin, saffron, Astragali Radix and Salviae Miltiorrhizae Radix,
Androhraphis, metformin, PPAR agonists, isoprinosine, hydroxychloroquine, low-dose naltrexone);

— biofeedback, cognitive behavioral therapy (CBT), graded exercise therapy (GET), and adaptive pacing therapy (APT);

- COVID-19 vaccination

Fig. 1.

consultation, computer-based battery of neuropsychological tests
and assessment of physical status based on some functional
markers related to the pulmonary and cardiovascular system. The
second phase can be conducted in Saint Petersburg. We have
several methods to assess small nerve fibers, microcirculation,
autoimmunity profile, autonomic nervous system function,
peripheral hearing, and central auditory processing.

Even if the number of COVID-19 cases worldwide will tend
to decrease, the incidence of post-COVID complaints and
complications will nevertheless grow up substantially in the close
perspective. That's why it is necessary to establish specialized
multidisciplinary centers for medical aid to post-COVID patients
(both as regards to somatic and psychic complaints) in order to
organize appropriate dynamic observation, regular check-ups of
their health status and rehabilitation combining it with translational
research for the comprehension of post-COVID syndrome clinical
pathophysiology. Several possible ways of immunomodulation
and other treatment may be involved (Figure 1).

It can be achieved at outpatient clinics with stationary facilities
for short staying, multisystem investigation and one-day efferent
therapy [9], best of all — settled within university hospitals and/
or high-tech medical centers. Several proposals of this kind are
already coined and discussed elsewhere [9-11].
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